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METHOD FOR REDUCING FALSE HITS IN A 
NON-TAGGED, N-WAY CACHE 

FIELD OF THE INVENTION 

[0001] The invention pertains to the storage of data in a 
cache, and more particularly to the ef?cient storage of 
prediction information such as branch prediction informa 
tion in a cache. Branch prediction information is information 
Which predicts Whether an instruction of the form “branch to 
instruction X if condition Y is met” Will require the branch 
to be taken or not taken. 

[0002] If branch prediction is to be based on an algorithm 
other than “branches are alWays predicted taken” or 
“branches are alWays predicted not taken”, some means 
must eXist for storing branch prediction information. Fre 
quently, such a means comprises a table of 2-bit branch 
prediction history counts Which are respectively incre 
mented or decremented in response to branch instructions 
being taken or not taken. 

BACKGROUND OF THE INVENTION 

[0003] Many of today’s microprocessors incorporate 
structures knoWn as instruction pipelines. Instruction pipe 
lines increase the efficiency of a processor by enabling a 
processor to simultaneously process a plurality of instruc 
tions. Instruction pipelines can be thought of as instruction 
assembly lines. InstructionfO enters the ?rst stage of the 
pipeline While Instructionfl is simultaneously processed in 
the second stage of the pipeline, Instructioni2 is simulta 
neously processed in the third stage of the pipeline, and so 
on. Periodically, a neW instruction is clocked into the 
instruction pipeline, and each instruction being processed in 
the pipeline is passed to the neXt stage of the pipeline, or is 
output from the pipeline. 

[0004] To maXimiZe instruction execution ef?ciency, it is 
desirable to keep instruction pipelines full as often as 
possible (With an instruction being processed in each stage 
of the pipeline) such that each periodic clocking of the 
instruction pipeline produces a useful output. HoWever, 
Whenever 1) there has been a transfer of program How 
control from one section of program code to another, 2) 
instructions have been speculatively fetched and processed, 
and 3) it is determined that the speculatively fetched and 
processed instructions should not have been processed, an 
instruction pipeline Will produce an output that is not useful. 
For each clock cycle that an instruction pipeline produces an 
output that is not useful, the instruction pipeline has a 
negative impact on a processor’s ef?ciency. 

[0005] Program How control instructions such as branch 
instructions are one means by Which program How control 
can be transferred from one section of program code to 
another. Branch instructions can be conditional or uncondi 
tional. Aconditional branch instruction determines program 
How control based on the resolution of a speci?ed condition. 
An unconditional branch instruction alWays results in a 
transfer of program How control. 

[0006] “Branch to instruction X if A>B” is one eXample of 
a conditional branch instruction. If A>B, program control 
How Will transfer to a section of program code beginning 
With instruction X (i.e., a target code section). If AéB, 
program control How Will continue With a section of pro 
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gram code Which sequentially folloWs the conditional 
branch instruction (i.e., a sequential code section). 

[0007] Since instruction pipelines can be several stages 
deep, conditional branch instructions are often fetched 
before the conditions speci?ed in the branch instructions can 
be resolved. A processor must therefore predict Whether 
branches Will be taken or not taken. After a prediction is 
made, instructions are speculatively fetched from either a 
target code section (if a branch is predicted to be taken) or 
a sequential code section (if a branch is predicted to be not 

taken). 
[0008] Although many branch prediction algorithms eXist, 
mispredictions still occur. By the time a misprediction is 
identi?ed, it is possible for an instruction pipeline to be 
operating on many instructions Which Were fetched from an 
incorrect code section. On encountering such a mispredic 
tion, misfetched instructions Which are being processed in 
one or more pipelines must be ?ushed from the pipelines, 
and instructions from the correct code section must be 
fetched and processed through the pipelines. 

[0009] When ?ushing instructions from a pipeline, 
bubbles (or gaps) are injected into the pipeline. Unfortu 
nately, pipeline ?ushing sometimes makes it necessary to 
clock a pipeline through several clock cycles before the 
instruction pipeline can once again produce a useful output. 
Since conditional branch instructions and other program 
How control instructions are prevalent in program code (e. g., 
sometimes on the order of once every ?ve instructions), the 
cumulative effect of branch misprediction can have a sig 
ni?cant and detrimental impact on a processor’s perfor 
mance, even When branch prediction accuracy is relatively 
high. 

[0010] A table of branch prediction history counts can be 
stored in any one of a number of cache types, including a 
direct mapped cache, a set-associative cache, and a non 
tagged, n-Way cache. HoWever, most forms of these caches 
suffer from cache con?icts and/or aliasing. 

[0011] Assuming that a cache is designed to store a table 
of branch prediction history counts, a cache con?ict occurs 
When a count associated With address A and a count asso 
ciated With address B need to be stored in the same cache 
entry. Cache con?icts may be reduced by, for eXample, 
increasing the siZe of a cache or implementing the cache as 
a set-associative cache (i.e., storing tags in a cache) or 
non-tagged, n-Way cache. 

[0012] Aliasing occurs When an attempt is made to read a 
count associated With address A from a cache, and instead, 
a count associated With address B is read from the cache. 
Aliasing can therefore lead to false hits being generated by 
a cache (i.e., a hit on data Which is not the desired data). 

[0013] Aliasing typically assumes one of three forms: 
compulsory aliasing, capacity aliasing or con?ict aliasing. 
Compulsory aliasing occurs When an attempt to read a count 
associated With address A is made prior to an initialiZation 
of the count. One Way to mitigate compulsory aliasing is to 
initialiZe the entries of a cache to one or more predetermined 
count values. 

[0014] Capacity aliasing occurs When a Working number 
of counts Which need to be stored in a cache exceeds the 
number of cache entries Which are available for storing the 
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counts. One Way to mitigate capacity aliasing is to increase 
the number of entries in a cache. 

[0015] Con?ict aliasing occurs as a result of a cache 
con?ict. Con?ict aliasing can be reduced by, for example, 
making a cache larger, implementing a cache as a set 
associative cache, or implementing a cache as a non-tagged, 
n-Way cache. 

[0016] In a direct mapped cache of 2-bit counts, each 
count may be directly addressed by, for eXample, a number 
of bits of an instruction pointer. Unfortunately, a direct 
mapped cache is not a very effective means for storing 
branch prediction information, since cache con?icts and 
aliasing can only be reduced by increasing the siZe of the 
cache, and chip area for implementing a branch prediction 
cache is typically very limited. 

[0017] One alternative to a direct mapped cache of 2-bit 
counts is a set-associative cache of 2-bit counts. In a 
set-associative cache, each count is stored With a tag, and a 
count is addressed by ?rst reading a line of n counts from the 
cache (i.e., one count from each of the n Ways, or a “set” of 
counts), and then comparing the tag of a requested count 
With the tags of the n counts Which Were just read. Cache 
con?icts can still occur, but the storage of tags helps to keep 
a cache con?ict from leading to con?ict aliasing. In fact, 
aliasing can be eliminated if complete tags are stored With 
the counts. Complete tags are tags Which enable counts to be 
uniquely addressed. As the siZe of a tag is decreased, aliasing 
tends to increase. HoWever, a smaller set-associative cache 
can achieve results Which are comparable to those of a much 
larger direct mapped cache. One draWback to storing data 
such as 2-bit counts in a set-associative cache is that tags 
Which are large enough to mitigate aliasing to an acceptable 
level Will typically be much larger than the 2-bit counts 
Which they help to identify. As a result, the data stored in 
such a cache comprises much more tag information than 
branch prediction information, and the “overhead”:“predic 
tion information” ratio is therefore relatively high. 

[0018] Another alternative for storing branch prediction 
information is the non-tagged, n-Way cache. Such a cache 
Was proposed by P. Michaud, A. SeZnec and R. Uhlig in an 
article entitled “Trading Con?ict and Capacity Aliasing in 
Conditional Branch Predictors”, Which Was published by the 
Association for Computing Machinery, Inc. in 1997. The 
cache redundantly stores a copy of a given count in each of 
the cache’s n Ways (e.g., each of three Ways), but stores the 
redundant copies in different sets of indeXed locations in 
each of the n Ways. The different sets of indeXed locations 
are generated by indeX hashing functions Which are designed 
to identify a different set of indeXed locations in the cache’s 
n Ways for each different address Which they receive at their 
inputs. A cache hit is determined by submitting the address 
of a count to the n indeX hashing functions, generating n 
indeXes, reading n indeXed counts, and then determining 
Whether a majority of the n counts just read agree (i.e., a hit 
is determined through voting). If a majority of the counts 
agree, a hit is signaled and one of the counts in the agreeing 
majority is output from the cache. Con?ict aliasing is 
minimiZed on one hand via the indeX hashing, and on the 
other hand via the redundancy and voting. For eXample, 
consider a 3-Way non-tagged cache. If a second count having 
addressi2 overWrites one of the three redundant copies of 
a ?rst count having addressil, the ?rst count is still 
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considered to eXist in the cache if the other tWo of its three 
copies still agree. One unique aspect of such a non-tagged, 
n-Way cache is that the advantages of a set-associative cache 
can be achieved Without a need to store tags. Michaud et 
al.’s article is hereby incorporated by reference for all that 
it discloses. 

[0019] Although there are many advantages to Michaud et 
al.’s cache, the cache still suffers from aliasing due to the 
fact that the cache holds numerous 2-bit counts, but each of 
the counts can assume one of only four values (i.e., 00, 01, 
10 or 11). As a result, even though different counts are stored 
in different sets of indeXed locations in the cache’s n arrays, 
the fact remains that many of the counts stored in the cache 
Will be the same count, thus increasing the likelihood of 
false hits. For example, consider the combination of indeXes 
including indexil in wayil, indexil in Wayi2, and 
indexil in Wayi3. Although a countil has yet to be 
Written into this combination of indeXes, one copy of a 
counti2 may have been Written to indexil in wayil, one 
copy of a counti3 may have been Written to indexil in 
Wayi2, and one copy of a counti4 may have been Written 
to indexil in Wayi3. Since there are only four counts that 
can be Written into the cache, there is a substantial prob 
ability that an attempted read of countil could result in a 
cache hit even though countil has never been Written into 
the cache. Better methods and apparatus for reducing false 
hits in a non-tagged, n-Way cache are therefore needed. 

SUMMARY OF THE INVENTION 

[0020] The invention comprises a method for reducing 
false hits in a non-tagged, n-Way cache. 

[0021] In one embodiment of the invention, data values 
Which are provided to a non-tagged, n-Way cache are Written 
into the cache in a non-count form. One type of non-count 
data value Which can be Written into such a cache is a data 
value comprising branch prediction history bits. 

[0022] Although counters tend to quickly saturate to one 
eXtreme or the other (e.g., all Zeros or all ones), or brie?y 
take on a value Which approaches an eXtreme, non-count 
data values tend to assume a Wider variety of values. 
Similarly to data hashing, data values that assume a Wider 
variety of values help to reduce false hits from a cache. For 
eXample, if a 2-bit counter is saturated at 11 When a branch 
is all of a sudden not taken, the counter Will be decremented 
to 10. If the branch is then repeatedly taken, the counter Will 
once again saturate at 11 after its neXt update. HoWever, 
When tWo bits of branch prediction history bits are stored in 
a cache, and a branch is suddenly not taken after a long 
period of being alWays taken, the shift of a not taken history 
bit into the tWo bit history changes the history bits from 11 
to 10. If the branch is then repeatedly taken, the branch 
history bits change from 10 to 01, and ?nally to 11 again. 
The same event therefore produces a Wider variety of values 
When the data stored in a branch prediction cache comprises 
non-count data. If a 5-bit counter is compared With a 5-bit 
history, the above discussed event results in no greater 
change in the 5-bit counter than is seen in the 2-bit counter 
(each assume tWo different values). HoWever, the same 
event produces siX combinations of 5-bit histories versus 
three combinations of 2-bit histories. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] Illustrative and presently preferred embodiments of 
the invention are illustrated in the draWings in Which: 
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[0024] FIG. 1 illustrates an non-tagged, n-Way cache 
Which uses data hashing, index hashing and voting to reduce 
false hits from the cache; 

[0025] FIG. 2 illustrates a preferred method of Writing 
data values into the FIG. 1 cache; 

[0026] FIG. 3 illustrates a preferred method of reading 
data values from the FIG.1 cache; 

[0027] FIG. 4 illustrates a preferred method of Writing 
branch history information into the FIG. 1 cache; 

[0028] FIG. 5 illustrates a preferred method of reading 
branch history information from the FIG. 1 cache; 

[0029] FIG. 6 illustrates a non-tagged, n-Way cache in 
Which non-count data values are stored; 

[0030] FIG. 7 illustrates a preferred method of Writing 
data values into the FIG. 6 cache; 

[0031] FIG. 8 illustrates a preferred method of reading 
data values from the FIG. 6 cache; and 

[0032] FIG. 9 illustrates a preferred method of Writing 
branch history information into the FIG. 6 cache. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0033] A ?rst method 200, 300 for reducing false hits in a 
non-tagged, n-Way cache 100 With n being greater than 2 
(FIG. 1) is generally set forth in FIGS. 2 & 3. A ?rst part 
of the method 200 (FIG. 2) applies to cache Writes, and 
begins With the hashing 202 of a data value 102 Which is to 
be Written into the cache 100 With a ?rst number of bits 104 
corresponding to the data value 102, thereby yielding a 
hashed data value 108. At or about the same time, at least 
one second number of bits 110 corresponding to the data 
value 102 is respectively submitted 204 to at least one of n 
hashing functions 112, 114, 116, thereby generating at least 
one of n indexes 118, 120, 122. Finally, the hashed data 
value 108 is Written 206 to index i of Way i 124, 126, 128 
for at least one value of i. A second part of the method 300 
(FIG. 3) applies to cache reads. In the second part of the 
method, the at least one second number of bits 110 corre 
sponding to the data value 102 is respectively submitted 302 
to the n hashing functions 112-116, thereby generating the n 
indexes 118-122. A stored data value 136, 138, 140 is then 
read 304 from index i of Way i 124-128 for i equals 1 to n. 
If a majority of the stored data values 136-140 read from the 
n Ways 124-128 agree, a cache hit signal 150 is generated 
306. 

[0034] A second method 700, 800 for reducing false hits 
in a non-tagged, n-Way cache 600 With n once again being 
greater than 2 (FIG. 6) is generally set forth in FIGS. 7 & 
8. A ?rst part of the method 700 (FIG. 7) applies to cache 
Writes. In the ?rst part of the method, at least one number of 
bits 110 corresponding to a non-count data value 602 is 
respectively submitted 702 to at least one of n hashing 
functions 112-116, thereby generating at least one of n 
indexes 118-122. Thereafter, the non-count data value 602 is 
Written 704 to index i of Way i 124-128 for at least one value 
of i. A second part of the method 800 (FIG. 8) applies to 
cache reads. In the second part of the method, the at least one 
number of bits 110 corresponding to the non-count data 
value 602 is respectively submitted 802 to the n hashing 
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functions 112-116, thereby generating the n indexes 118 
122. Astored data value 136-140 is then read 804 from index 
i of Way i 124-128 for i equals 1 to n. If a majority of the 
stored data values 136-140 read from the n Ways 124-128 
agree, a cache hit signal 150 is generated 806. 

[0035] Anon-tagged, n-Way cache 100 (n>2) Which can be 
used to practically implement the above methods 200, 300, 
700, 800 is generally set forth in FIG. 1. The cache 100 
comprises n data arrays 124-128, a data hashing circuit 106, 
n index hashing circuits 112-116, n comparator circuits 142, 
144, 146, a logic gate 148 Which receives the outputs of the 
n comparator circuits 142-146 and produces a hit/miss signal 
150, and a multiplexing circuit 152. Each of the n data arrays 
124-128 comprises a data input, a data output, an address 
input, and a number of storage locations Which are addressed 
through the address input. The data hashing circuit 106 
receives a data value 102 Which is to be stored in the cache 
100 and hashes it With a ?rst number of bits 104 corre 
sponding to the data value 102, thereby producing a hashed 
data value 108 to be stored.in the cache 100. Each of the n 
index hashing circuits 112-118 receives a second number of 
bits 110 corresponding to a data value 102 Which is to be 
stored in or read from the cache 100 and subjects the second 
number of bits 110 it receives to a different index hashing 
function to produce an index i 118-122 into data array i 
124-128. When a hashed data value 108 is presented to the 
data input of data array i 124-128 during a cache Write, and 
the index i 118-122 is presented to the address input of data 
array i 124-128, the hashed data value 108 is Written into a 
storage location of data array i 124-128 Which is addressed 
by index i 118-122 for at least one value of i. When the index 
i 118-122 is presented to the address input of data array i 
124-128 during a cache read, a hashed data value 108 Which 
is addressed by index i 118-122 is read from a storage 
location of data array i 124-128 for i equals 1 to n. Each of 
the n comparator circuits 142-146 comprises at least tWo 
data inputs Which are respectively coupled to the data 
outputs of at least tWo of the n data arrays 124-128. Each of 
the n comparator circuits 142-146 generates an output Which 
is indicative of Whether a majority of its data inputs agree. 
The multiplexing circuit 152 comprises a) data inputs 
coupled to the data outputs of the n data arrays 124-128, b) 
control inputs coupled to the outputs of the n comparator 
circuits 142-146, and c) a cache data output 154. 

[0036] Having generally described methods 200, 300, 700, 
800 and apparatus for reducing false hits in a non-tagged, 
n-Way cache 100, the methods and apparatus Will noW be 
described in greater detail. 

[0037] An exemplary non-tagged, n-Way cache 100 With n 
being equal to three is illustrated in FIG. 1. The cache 100 
comprises three data arrays 124-128 (or Ways) Which are 
respectively labeled wayil, Wayi2 and Wayi3. 

[0038] As shoWn in FIG. 1, a data value 102 Which is to 
be stored in the cache 100 is initially provided to a data 
hashing circuit 106. The data hashing circuit 106 then hashes 
a data value 102 Which it receives With a ?rst number of bits 
104 Which correspond to the data value 102. Preferably, the 
bits 104 With Which a data value 102 is hashed comprise a 
number of address bits Which correspond to the data value 
102 (i.e., a number of bits Which are used to address the data 
value 102 as it is stored in or retrieved from the cache 100). 
If a data value 102 Which is to be stored in the cache 
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comprises branch prediction information, then the ?rst num 
ber of bits 104 Which correspond to the data value 102 can 
be a loW order portion of a branch instruction’s address. 
Note that the instruction address is associated With a branch 
instruction Which the branch prediction information helps to 
predict as taken or not taken When a program Which com 
prises the branch instruction is being executed on a com 
puter. Regardless of What type of data is being stored in the 
cache 100, the data hashing circuit 106 provides a hashed 
data value 108 to each of the cache’s three data arrays 
124-128 When data hashing is complete. 

[0039] In order to complete a Write of data 108 into each 
of the cache’s three data arrays 124-128, the data arrays 
124-128 must be addressed (or indexed). In FIG. 1, the three 
data arrays 124-128 are addressed via index hashing. Index 
hashing is performed by respectively submitting second 
numbers of bits 110 Which correspond to a data value 102 to 
the three index hashing circuits 112-116. Preferably, the bits 
110 Which are submitted to the three index hashing circuits 
112-116 are address bits. It is also preferable that the bits 110 
Which are submitted to each of the index hashing circuits 
112-116 are the same bits. HoWever, it is conceivable that 
one could also submit a different combination of bits to each 
of the three index hashing circuits 112-116. 

[0040] The bits 110 Which are submitted to the index 
hashing circuits 112-116 do not need to be the same as the 
bits 104 Which are submitted to the data hashing circuit 106. 
HoWever, the submission of like bits to all of the cache’s 
hashing circuits 106, 112-116 is certainly permissible. 

[0041] When attempting to read data from the FIG. 1 
cache, the second numbers of bits 110 corresponding to a 
data value 102 Which Was Written into the cache 100 are 
submitted to the three index hashing circuits 112-116 to 
thereby generate the three indexes 118-122 into the cache’s 
three data arrays 124-128. 

[0042] As a stored data value 136-140 is output from each 
of the cache’s three data arrays 124-128, different ones of the 
data values 136-140 are supplied to three comparators 
142-146 in unique pairs. Each of the three comparators 
142-146 therefore receives a unique pair of stored data 
values Which it then compares to determine Whether the 
values agree. If any one of the comparators 142-146 deter 
mines that its unique pair of stored data values agree, a logic 
gate 148 such as an OR gate Which receives the outputs of 
the three comparators 142-146 produces a hit signal 150. 
OtherWise, the logic gate 148 produces a miss signal 150. 

[0043] At or about the same time, a multiplexing circuit 
152 receives the outputs of the three comparators 142-146 at 
its control inputs and uses the outputs of the three compara 
tors 142-146 to select one of the stored data values 136-140 
as a cache data output 154 (that is, assuming that there is a 
cache hit). If the cache misses, the multiplexing circuit 152 
can be designed to output a null value or some other value 
Which is indicative of a cache miss. Alternatively, the output 
154 of the multiplexing circuit 152 can merely be ignored. 

[0044] If the multiplexing circuit 152 produces a cache 
data output 154, the output must be unhashed from the 
number of bits 104 that it Was hashed With upon entry into 
the cache 100. A data unhashing circuit 156 is therefore 
coupled to the output of the multiplexing circuit 152. One 
skilled in the art Will realiZe that data unhashing can also be 
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performed as stored data values 136-140 are read from the 
cache 100, or just prior to inputting data values 136-140 into 
the multiplexing circuit 152. HoWever, it is believed that the 
most ef?cient time to perform data unhashing is after the 
multiplexing circuit 152 has generated a cache data output 
154. 

[0045] Note that the hit mechanism of the FIG. 1 cache 
100 is dependent upon data hashing, index hashing, redun 
dancy and voting. For example, When the second number of 
bits 110 corresponding to a data value 102 is a loW order 
portion of the data value’s address, index hashing should 
insure that each data value having a different loW order 
address portion Will be Written into a different set of indexes 
in the cache’s three data arrays 124-128. Thus, if a ?rst data 
value is Written into index 0000 in wayil, index 0010 in 
Wayi2, and index 1110 in Wayi3, a second data value 
Which is Written into the cache Will preferably be Written into 
a different set of indexes (e.g., index 0010 in wayil, index 
1100 in Wayi2, and index 1111 in Wayi3). 

[0046] Index hashing should also insure that no tWo sets of 
indexes intersect in any more than one Way array. Thus, if 
?rst and second data values are Written into a set of indexes 
including 0000 in wayil, the tWo data values should be 
Written into mutually exclusive indexes in Wayi2 and 
Wayi3. As a result, even though sequential Writes of the ?rst 
and second data values into the cache 100 Will result in the 
?rst data value being overWritten in wayil, the ?rst data 
value can still be read from the cache 100 due to 1) the 
exclusivity of its indexes from those of the second data value 
in WayiZ and Wayi3, and 2) voting. 

[0047] Although it is Within the scope of the invention to 
relax either of the limitations set forth in the above tWo 
paragraphs, doing so increases the probability of aliasing in 
the FIG. 1 cache 100. Exemplary index hashing circuits 
Which implement the index hashing functions limitations set 
forth in the above tWo paragraphs are disclosed in greater in 
the Michaud et al. article cited supra. 

[0048] Given that the capacity of the FIG. 1 cache 100 
Will most likely not be able to simultaneously store every 
data value Which it needs to store, it is likely that all of the 
storage locations to Which a ?rst data value is Written Will 
eventually be reWritten With other data values. HoWever, as 
long as a majority of three storage locations (i.e., those 
referenced by tWo or more indexes) hold the same data 
value, it is presumed that a data value still exists in the cache 
100. 

[0049] In a cache 100 Where data values 102 assume only 
a feW different values, or in a cache 100 Where many data 
values 102 Which are Written to the cache 100 tend to assume 
one or a small number of values, data hashing helps to 
reduce false hits by insuring that the same data values 102 
Will produce different hashed data values 108 When the same 
data values 102 are associated With different addresses. For 
example, With respect to branch prediction, it is has been 
found that many branch instructions are either alWays taken 
or alWays not taken. Thus, data values 102 comprising all 
Zeros (e.g., 000000 for alWays not taken) or all ones (e.g., 
111111 for alWays taken) tend to dominate the makeup of 
data values stored in a branch prediction cache. HoWever, 
since relatively feWer branch instructions have the same loW 
order address bits, the hashing of a data value 102 With six 
loW order address bits 104 Which correspond to the data 
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value 102 results in the storage of a Wider variety of data 
values in a branch prediction cache. Thus, data hashing 
alleviates a major aliasing concern of the Michaud et al. 
cache structure. 

[0050] It Was previously mentioned that the bits 110 Which 
are submitted to the three index hashing circuits 112-116 of 
the FIG. 1 cache can be different sets of bits. Although this 
is not preferred, one must only keep in mind that the index 
hashing circuits 112-116, as Well as the bits 110 Which are 
submitted to the index hashing circuits 112-116, should be 
designed so that each uniquely addressed data value 102 
Which is to be Written into the cache 100 is associated With 
a unique set of three indexes 118-122 into the cache’s three 
data arrays 124-128. Furthermore, any tWo sets of indexes 
118-122 should intersect in no more than one array. 

[0051] Depending on the number of differently addressed 
data values Which need to be Written into a cache 100, it Will 
often not be possible to generate a different set of indexes 
118-122 for each uniquely addressed data value 102 Which 
needs to be Written into the cache 100 (i.e., the siZe of the 
cache 100 is likely to be limited by area constraints, and as 
a result, not all of the bits of a data value’s unique address 
Will be submitted to and considered by the index hashing 
circuits 112-116). HoWever, it is preferable to make every 
effort to approach such an ideal. 

[0052] Note that as shoWn in FIG. 1, it is possible to 
provide some of the same data bits to both the index hashing 
circuits 112-116 and the data hashing circuit 106. It is also 
possible to provide the same bits to each of the hashing 
circuits 106, 112-116, or to provide completely different bits 
to the data hashing circuit 106 and the index hashing circuits 
112-116. As Will be discussed beloW, the siZe of a data value 
102 stored in the cache 100 Will typically be much smaller 
than an address 110 supplied to the index hashing circuits 
112-116, or even the indexes 118-122 supplied to the data 
arrays 124-128. It is therefore highly likely and even desir 
able to provide the index hashing circuits 112-116 With more 
address bits 110 than are provided to the data hashing circuit 
106. 

[0053] The advantages of using index hashing in a non 
tagged, n-Way cache 100 are discussed in the Michaud et al. 
article, supra. HoWever, note that the cache proposed by 
Michaud et al. comprises arrays of 2-bit counters Which are 
incremented or decremented in response to a single bit of 
information Which is indicative of Whether a branch instruc 
tion Was taken or not taken. In the caches 100, 600 illustrated 
in FIGS. 1 & 6, it is preferable that the cache’s data arrays 
124-128 actually store non-count data values 602 or hashed 
data values 108. The arrays 124-128 could also maintain a 
count such as that disclosed by Michaud et al. HoWever, 
When storing a count, it is preferable that the count comprise 
more than 2-bits so that the full effect of data hashing can be 
realiZed. When a count is only capable of assuming one of 
four values, as is the case With a 2-bit count, data hashing 
provides a very small increase in the diversity of the data 
stored in a cache, and thus provides little bene?t in the Way 
of false hit reduction (and in most cases, it probably provides 
no bene?t). Apreferable type of non-count data Would be a 
value Which is updated via shifting. 

[0054] The importance of storing non-count data values in 
a cache 600 such as that Which is illustrated in FIGS. 6 Will 
noW be discussed. Although counters tend to quickly satu 
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rate to one extreme or the other (e.g., all Zeros or all ones), 
or brie?y take on a value Which approaches an extreme, 
non-count data values 602 tend to assume a Wider variety of 
values. Similarly to hashed data values 108, data values that 
assume a Wider variety of values help to reduce false hits in 
a cache 600. For example, if a 2-bit counter is saturated at 
11 When a branch is all of a sudden not taken, the counter 
Will be decremented to 10. If the branch is then repeatedly 
taken, the counter Will once again saturate at 11 after its next 
update. HoWever, When tWo bits of branch prediction history 
are stored in a cache 600, and a branch is suddenly not taken 
after a long period of being alWays taken, the shift of a not 
taken history bit into the tWo bit history changes the makeup 
of the history bits from 11 to 10. If the branch is then 
repeatedly taken, the branch history bits change from 10 to 
01, and ?nally, to 11 again. The same change in a branch’s 
taken/not taken history therefore produces a Wider variety of 
values When the data stored in a branch prediction cache 
comprises non-count data 602. 

[0055] If a 5-bit counter is compared With a 5-bit history, 
the above discussed change in a branch’s taken/not taken 
history results in no greater change in the values assumed by 
a 5-bit counter than is seen in the values assumed by a 2-bit 
counter (each assume tWo different values). HoWever, the 
same branch history produces six combinations of 5-bit 
histories versus three combinations of 2-bit histories. 

[0056] Note that the FIG. 1 cache 100 is constructed so 
that a given hashed data value 108 is Written into each of the 
cache’s three data arrays 124-128. HoWever, it is considered 
to be Within the scope of this invention that a hashed data 
value 108 might only be Written into a subset of a cache’s 
data arrays 124-128. Reasons for performing such a selec 
tive Write Will be understood by those skilled in the art, and 
one skilled in the art should readily understand hoW to 
selectively Write data into one or more of the cache’s data 
arrays 124-128 using Write enable lines 130, 132, 134 or the 
like. Conditions Which might make such a selective Write to 
the three Ways 124-128 of a cache are discussed in part in 
Michaud et al.’s article. 

[0057] In a preferred embodiment of the FIG. 1 cache 
100, a common 20 bits 110 of branch instruction address 
information are provided to each of the index hashing 
circuits 112-116, With the index hashing functions imple 
mented by the index hashing circuits 112-116 being the same 
as those disclosed by Michaud et al. Each of the index 
hashing circuits 112-116 therefore outputs a 10-bit index 
118-122. Also in the preferred embodiment of the FIG. 1 
cache 100, six of the less signi?cant address bits 104 Which 
are provided to the index hashing circuits 112-116 are also 
provided to the data hashing circuit 106. The preferred data 
hashing function is simply a bitWise exclusive OR betWeen 
the six address bits 104 and a six bit data value 102. The six 
bit data value 102 comprises four branch history bits and tWo 
additional bits Which are irrelevant to this disclosure. 

[0058] Method FIGS. 2, 3, 7 & 8 have already been 
discussed. Method FIGS. 4, 5 & 9 respectively illustrate 
special cases of the methods disclosed in FIGS. 2, 3, 7 & 8 
Which apply speci?cally to branch prediction caches. 

[0059] FIG. 4 illustrates a method for Writing bits denot 
ing taken/not taken outcomes of past executions of a branch 
instruction into a branch prediction cache. The taken/not 
taken bits are ?rst hashed With a ?rst number of address bits 
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Which correspond to the taken/not taken bits. A hashed data 
value is thereby generated. At or about the same time, a 
second number of bits Which correspond to the taken/not 
taken bits are submitted to at least one of n hashing func 
tions, thereby generating at least one of n indexes. Note that 
depending on Whether data is being Written into the cache for 
the ?rst time, or is being Written into the cache in order to 
update previously Written data, all or just some of the data 
arrays of the cache might be updated. If some data arrays are 
not being Written to, it might be desirable to generate only 
those indexes Which are needed for a given situation (e.g., in 
order to consume less poWer). Finally, the hashed data value 
is Written to index i of Way i for at least one value of i. 

[0060] FIG. 5 illustrates a method for reading data from a 
branch prediction cache. First, the second number of bits 
Which correspond to the taken/not taken bits Which are 
referenced in the preceding paragraph are submitted to each 
of the n hashing functions to thereby generate each of the n 
possible indexes. Second, a stored data value is read form 
index i of Way i for i equals 1 to n (i.e., a stored data value 
is read from each of a cache’s n Ways). Finally, a cache hit 
signal is generated if a majority of the stored data values 
read from the cache agree. 

[0061] FIG. 9 illustrates an alternative method for Writing 
bits denoting taken/not taken outcomes of past executions of 
a branch instruction into a branch prediction cache. To 
begin, a number of bits Which correspond to the taken/not 
taken bits are submitted to at least one of n hashing func 
tions, thereby generating at least one of n indexes. Next, the 
hashed data value is Written to index i of Way i for at least 
one value of i. An attempted read of the just Written 
taken/not taken bits Would proceed as described in FIG. 5. 

What is claimed is: 
1. Amethod for reducing false hits in a non-tagged, n-Way 

cache, With n being greater than 2, comprising: 

a) When Writing a non-count data value into the cache, 
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i) respectively submitting to at least one of n hashing 
functions, at least one number of bits corresponding 
to the non-count data value, thereby generating at 
least one of n indexes; and 

ii) Writing the non-count data value to index i of Way i 
for at least one value of i; and 

b) When attempting to read the non-count data value from 
the cache, 

i) respectively submitting to the n hashing functions, 
the at least one number of bits corresponding to the 
non-count data value, thereby generating the n 
indexes; 

ii) reading a stored data value from index i of Way i for 
i equals 1 to n; and 

iii) if a majority of the stored data values read from the 
n Ways agree, generating a cache hit signal. 

2. Amethod as in claim 1, Wherein the at least one number 
of bits is only one number of bits. 

3. Amethod as in claim 1, Wherein the at least one number 
of bits corresponding to the data value comprises address 
bits. 

4. Amethod as in claim 3, Wherein the at least one number 
of address bits is only one number of address bits. 

5. A method as in claim 1, Wherein the representation of 
the non-count data value is Written to index i of Way i for i 
equals 1 to n. 

6. A method as in claim 1, Wherein the data value 
comprises prediction information. 

7. A method as in claim 6, Wherein the prediction infor 
mation comprises branch history information. 

8. A method as in claim 7, Wherein the branch history 
information comprises a number of bits denoting taken/not 
taken outcomes of past executions of a branch instruction. 


